Abstract. Ligand binding assays (LBAs) have been the method of choice for protein analyte measurements for more than four decades. Over the years, LBA methods have improved in sensitivity and achieved larger dynamic ranges by using alternative detection systems and new technologies. As a consequence, the landscape and application of immunoassay platforms has changed dramatically.
INTRODUCTION
Assay sensitivity is largely dependent on the use of reagents that have high affinity, selectivity, and specificity for their target. Incremental improvements in sensitivity may be made by optimizing assay conditions, such as buffers, reagent concentrations, and incubation conditions, but efficient beadbased binding kinetics combined with sensitive detection technologies may be required to achieve the required sensitivity. Enzyme-linked immunosorbent assays (ELISAs) have been the format of choice for protein analyte detection in a variety of biological matrices using ligand binding assays (LBA). Common ELISAs have a colorimetric readout based on absorbance measurements (1, 2) . Over the years, the dynamic range, robustness, and sensitivity of LBAs have been improved through the use of alternative detection systems, such as chemiluminescence and various fluorescent readouts (3) . The emergence of new technologies has allowed for additional improvements in assay sensitivity and dynamic range beyond the capabilities of conventional LBAs. Many technologies have attempted to reach high sensitivities, but few have been able to achieve ultrasensitive detection at sub picogram or femtogram per milliliter levels (4) (5) (6) . Herein, we review three emerging technologies, which we believe have the potential to significantly enhance the detection of analytes at low concentration. We define emerging technologies as technical improvements or novel applications of existing technologies that address assay sensitivity needs. Our evaluations are based on hands-on experience using these technologies as well as literature reviews. This article is not intended to be a comprehensive evaluation of every available platform currently addressing the sensitivity issue, but rather an overview of three emerging technologies, Single Molecule Counting (SMC™) on the Erenna® platform from Singulex, Inc., Single Molecule Arrays (Simoa™) from Quanterix Corporation, and Immuno-PCR (IPCR) on the Imperacer® platform from Chimera Biotec GmbH. The concepts of IPCR were initially described in 1992 (7) . However, the commercially available Imperacer® IPCR platform from Chimera Biotec was introduced recently and provides optimized reagents and pre-synthesized DNA-detector conjugates (8, 9) for best assay performance in a 96-well plate format.
We describe how ultra-sensitivity is achieved on each platform and provide information on their relative advantages and limitations. Table I summarizes the attributes of each platform that relates to sensitivity. Other attributes are discussed in the text and summarized in Table II . Lastly, we highlight demonstrated applications of each technology described in the literature.
Assay Technologies

Single Molecule Counting (SMC™)
The Erenna® immunoassay system from Singulex Inc. utilizes an LBA procedure followed by capillary flow analysis on an instrument that performs single molecule counting (SMC™) of fluorescent detector molecules (Fig. 1) . Depending on the assay, picogram to femtogram per milliliter limits of detection for various protein analytes using this technology have been reported (10) (11) (12) (13) . Initially, a bead-or plate-based sandwich assay format is executed in either 96-or 384-well plates, using a biotinylated capture reagent and fluorescent labeled detector that are highly specific for the analyte of interest. The fluorescent detector is eluted off the beads or plate with a volume to concentrate the signal, and samples are then loaded onto the instrument in a 384-well plate. Sample analysis occurs using capillary fluidics through a flow cell where fluorescent detector molecules travel across a 5-μm chamber to be interrogated by a laser. The signal produced is translated into counts of single fluorescent molecules. The key advantages of this platform are enhanced sensitivity (sub-picogram per milliliter) and broad dynamic range.
The high sensitivity of this platform results from combining several elements, and each of these are discussed in the next section: (a) paramagnetic beads or plates enable efficient analyte capture and concentration by small volume elution prior to laser interrogation; (b) digital readout of single positive events compared with the analog readout typical of conventional LBAs; and (c) achieving low background by using low non-specific protein binding components including paramagnetic beads, plates, and multiple wash and transfer steps during the immunoassay process.
The relationship between volume and analyte concentration is important when measuring low abundance analytes, as described in detail by David Walt (14) . An ultra-sensitive platform utilizing SMC™ needs to detect a statistically significant number of molecules in a short time frame, which may be difficult with samples at very low concentrations. The Erenna® immunoassay uses a pre-concentration step in which fluorescent labeled detector molecules are eluted off the beads or plate with a very small volume of elution buffer, thus concentrating the sample and ensuring adequate detection capabilities down to sub picogram per milliliter range.
The size of the laser interrogation space and sampling time through the detection space is precisely set so that only one fluorescent entity is present during the detection phase for lower concentrations (15) . Fluorescence events are digitally counted by photon detectors within the instrument and are considered positive if the signal is 5-6 standard deviations above the threshold of background fluorescence. Compared with analog signal read-outs used in traditional LBAs where a single data point is used to represent all the molecules present in a sample, this digital technology allows for multiple individual data points to be summed over a specified time interval to create total signal. At higher analyte concentrations, the instrument switches to analog mode, using a unique algorithm to calculate the total number of photons, and hence, a very broad dynamic range is possible using this technology (∼4.5 logs) (15, 16) .
Several methods are used to mitigate non-specific background. Bead microparticles are constructed with materials designed to minimize non-specific binding of the fluorescent detector molecules, and assay incubations are carried out in polypropylene microtiter plates with very low protein binding properties. Erenna® assay protocols incorporate a plate transfer step after detector addition, and all beads are transferred to a new plate. This ensures avoidance of contamination from small amount of non-specific detection reagent bound to the plate eluting off with the specific detection reagent during the pre-concentration elution step (16) . The Erenna® curve-fitting software combines three different instrument readouts (Detected Events, Event Photons and Total Photons) to generate one final concentration for each sample. This unique algorithm allows for ultrasensitive detection and improved dynamic range compared with ELISA.
In addition to improved sensitivity and broad dynamic range, the Erenna® brings other positive attributes to the bioanalytical laboratory. The platform offers flexibility by using bead-or plate-based assays, in both 96-and 384-well configurations. The plate-based version is more user-friendly, (17, 18) . Singulex offers additional flexibility, with off-the-shelf kits as well as services for assay development if a custom assay is preferred. Reagent labeling kits are available for custom in-house labeling in addition to assay development kits, which provide assay diluents, wash buffer, elution, and neutralization buffers for "home brew" assay development.
The Erenna® platform can be used for regulated bioanalysis. The software has security and access control functions to ensure data access is compliant with United States Food and Drug Administration (FDA) 21 Code of Federal Regulations (CFR) part 11, and the data may be exported and analyzed in a standard bioanalytical database, such as the Laboratory Information Management System (LIMS). Other considerations for using the Erenna® platform in a Good Laboratory Practice (GLP) environment are described elsewhere (19) .
In terms of limitations, the SMC™ technology throughput is relatively low due to sampling one well at a time, and low concentration samples can take up to 1 min each to read. The platform cannot be used for multiplexing, and carry-over can be an issue. The Erenna® instrument has no internal automation capabilities for the immunoassay steps, though off-line automation may be utilized for washing and transfer steps. Since particulate matter in complex matrices may obstruct the capillary fluidics, the vendor suggests a filtration or centrifugation step be utilized to clarify the samples. However, the effect of filtration on analyte recovery should be evaluated with spike and recovery studies during assay development (20) . Given the complicated fluidics, abundant 
Applications of SMC™
The use and application of SMC™ for protein biomarker measurements in various studies has been published, and several of these will be used to highlight the key attributes of the technology.
Todd et al. utilized the Erenna® to quantify ten different clinically relevant biomarkers, including cardiac troponin I and various cytokines, and achieved limits of detection from 10 to 100 fg/mL in 100 μL of sample with good accuracy and precision (16) . Esparza et al. developed a highly sensitive (low picogram per milliliter), precise, and specific assay on the Erenna® that distinguished oligomerized amyloid-beta protein from the monomeric form in human brain tissue homogenates (17) , and the ratio of oligomerized amyloid-beta levels to plaque density fully differentiated Alzheimer patients with and without dementia. The authors used small sample volumes in a 384-well plate format to increase speed and throughput. Shukla et al. (12) evaluated interleukin IL-22 as a potential inflammatory biomarker, utilizing a bead-based Erenna® assay with adequate sensitivity (0.2 pg/mL lower limit of quantification (LLOQ)) to obtain reportable IL-22 baseline values in all clinical samples tested. In addition, to increase throughput and ensure the robustness of the procedure, Tecan (Männedorf, Switzerland) liquid handling automation was incorporated for the wash and transfer steps. Tarasow et al. (18) faced challenges in measuring almost 100 proteins in a large number of patient samples to identify and stratify key biomarkers to predict early stage type 2 diabetes. With only 0.5 mL of sample available to measure almost 100 proteins, it was critical to conserve sample while retaining sensitivity and throughput. Because of the sheer number of assays to be developed and the different expected ranges of concentration, ease of assay development was a desired feature to make the workload manageable. Therefore, the authors chose to use a singleplex approach instead of multiplexing. The sensitivity capabilities and flexibility of the Erenna® platform in using 384-well plates enabled them to achieve their goal of measuring 89 different proteins from each sample and successfully identified critical biomarkers to predict early onset of the disease.
Single Molecule Arrays (Simoa™)-Based Digital ELISA
The Simoa™ digital ELISA from Quanterix Corporation is a promising platform, which can enable protein quantification at femtogram per milliliter levels (21) . This technology uses a microscopic paramagnetic bead-based immunoassay coupled with a unique signal detection and data acquisition system. The digital ELISA is performed in two stages. In the first stage of antigen capture, the microscopic beads coated with capture reagent are mixed with samples followed by addition of biotinlabeled detection antibody and streptavidin-β-galactosidase. The beads are then loaded on a disc with an array of femtolitersized microwells. The diameter of each microwell (4.5 μm) can only accommodate zero to one bead with a diameter of 2.7 μm. The microwells are sealed against a silicone gasket in the presence of fluorogenic substrate for signal generation and amplification (Fig. 2) . Simoa™ technology employs a unique signal detection system in the second stage of the assay. Relatively high concentration of fluorescent product in a 50-fL microwell (positive events) and total bead load by white light scattering can be easily detected and captured by a standard CCD camera. The Simoa™ platform achieves high sensitivity by improving several assay steps. With ∼80,000 capture antibody molecules per bead and ∼200,000 beads in a 100-μL reaction volume, the antibody-analyte ratio and equilibrium allows a high efficiency capture of analyte (>70%) in a given sample. With so many beads in solution, capture efficiency is further achieved because each target protein encounters a bead in less than 1 min. This is contrary to the slow binding in conventional LBAs. The optimized ratio between biotin-labeled detection antibody and streptavidin-β-galactosidase reduces assay background and maximizes specific signal acquisition. The fluorescent signal can be further amplified with enzymatic digestion of a fluorogenic substrate coupled with Simoa™ detection system. The Simoa™ detection system allows the detection of a single binding event, which can be acquired digitally at low concentration (improved sensitivity; digital ELISA) or in analog mode at high concentration (improved assay dynamic range). Fluorescence is used to detect enzyme activity, and the average enzyme per bead level is measured. As with the Erenna®, a very broad dynamic range can be achieved by combining the digital and analog readout capabilities (22, 23) .
Because the final signal acquisition is done on a planar array with standard imaging, data acquisition is a much faster process compared with the digital readout with a fluidic system like the Erenna®.
Although the Erenna® and Simoa™ platforms share commonalities such as digital readout and broad dynamic range, the Simoa™ platform is a fully automated system. The instrument performs sample dilution (up to 1:10 dilution), mixing, washing, incubation, and data acquisition steps. The Simoa™ platform is capable of measuring up to ten different analytes simultaneously (multiplexing). This is achieved by using different dye linkers for each individual capture antibody (24) . The array is then imaged using fluorescent detection at multiple wavelengths to identify subpopulations of different dyes and to determine the presence or absence of enzyme reporter labels.
Like Singulex, Inc, Quanterix Corporation has a number of manufactured kits to choose from. Custom development and "home brew" capabilities are also available options. With enhanced sensitivity, multiplexing, and automation capabilities, this platform seems ideal; however, it is a nascent technology, and the instruments are only recently becoming available for evaluation. Therefore, there are few examples of applications of this technology, particularly for multiplexing.
The Simoa™ platform is compatible with a LIMS system, and the vendor is currently developing software to meet the compliance requirements for regulated bioanalysis according to FDA 21 CFR part 11.
Applications of Simoa™ Digital ELISA
Most of the proof-of-concept studies have been performed by the vendor, Quanterix Corporation, by measuring clinical diagnostic biomarkers. However, these publications have demonstrated its potential in the field of clinical development. Rissin et al. (21) showed that a measurable sensitivity of two serum proteins, prostate-specific antigen (PSA) and tumor necrosis factor alpha, can be reached at 30 fg/mL (1 fM) and 10 fg/mL (∼600aM), respectively. The sensitivity improvement is at least ∼15,000-to 30,000-folds over the standard published ELISA methods used for these two proteins. Rissin et al. (21) tested 30 serum samples from patients who had undergone radical prostatectomy for the presence of PSA levels with the improved Simoa™ PSA method. While a leading clinical diagnostic assay could not detect any PSA present in these 30 serum samples with a method sensitivity of 100 pg/mL or 3 pM, the Simoa™-based PSA method was able to detected PSA levels in the same samples with improved assay sensitivity of 0.006 pg/mL or ∼200 aM. More recently, Shahim et al. (25) developed a sensitive method (0.002 pg/mL) for measuring the level of the axonal injury biomarker, total Tau, in human serum with Simoa™ technology. The improved method has a ∼1,000-fold improved sensitivity over the conventional immunoassay used for this protein. By using the improved method, Shahim's group was able to monitor the Tau levels in plasma samples from professional ice hockey players prior to playing (N=47) and post-concussion (N=28) and demonstrated a statistically significant increase in Tau protein levels in the samples from players who suffered concussion. The vendor also published a successful feasibility study on multiplexed digital immunoassays for simultaneously detecting several human cytokines from human plasma samples (26). However, interference or "cross talk" among analytes would need to be evaluated as performed similarly for other immunoassay platforms.
Immuno-PCR (Imperacer®)
The immuno-polymerase chain reaction (IPCR) method combines the high specificity of antibody binding with the exponential signal amplification of a downstream quantitative-PCR (qPCR) read out (Fig. 3 ) capable of measuring low quantities of bound analytes (27) . Due to the exponential signal amplification, the detectable levels of target molecules can be significantly improved from thepico-to micromolar range in conventional immunoassays down to femtomolar analyte concentrations. IPCR case studies demonstrate sensitivities close to the theoretical detection limit of LBAs, down to a few thousand analyte molecules and wide dynamic range of up to five logs (9, (28) (29) (30) (31) . Given a protein of 50-100 kD in size, this corresponds to LLOQ levels in the sub-picogram per milliliter levels in biological samples (8, 32) . Typical sample volumes are 15-30 μL for duplicates. The vendor provides flexible options including contract services for full assay development and bioanalytical support, as well as assay kits for home brew development. Standardized laboratory equipment is available with the option of 21CFR part 11-compliant software. Data analysis software is provided. Alternatively, data export and analysis in a data management system, e.g., LIMS, is possible. The Imperacer® workflow is a manual process at this time, and it is essential that IPCR assays are performed by a trained operator. Therefore, as with most analytical platforms, the vendor offers a training session with the purchase of Imperacer® platform. Although IPCR provides an ultrasensitive method for assay readout, highly sensitive detection may also pose challenges with regard to antibody specificity. The amplification of even lower-affinity binding events of the antibodies to alterative targets may result in assay background issues. Choosing high-quality antibodies and carefully optimizing the assay conditions and reagents is critical when using IPCR. Using highly diluted samples may reduce nonspecific matrix interactions, especially in cases where the background interactions decrease faster than specific interactions of interest upon sample dilution. In this regard, IPCR allows higher sample dilution ratios without loss in sensitivity compared with other LBA technologies due to exponential qPCR signal amplification. Imperacer® technology thus works well in applications when the analyte is known (e.g., well characterized biomarkers or a drug molecule). However, it may be more challenging to identify optimal assay conditions when the analyte is not fully characterized, such as the variety of anti-drug antibody (ADA) responses that are measured in immunogenicity assays. Imperacer® has a potential for assay multiplexing, typically limited to two analytes per reaction (33) . The vendor recommends "polyplexing" as a sturdy alternative for multiplexing. Even small sample volumes can be split into multiple IPCR assays subsequent to dilution and used to separately measure individual analytes-of-interest at high sensitivity and no antibody cross-talk.
Applications of Imperacer® IPCR
Although the IPCR technology has been around for quite some time and appears to be a well-established immunoassay technology (28, 31, (33) (34) (35) , technical improvements and novel IPCR-based applications addressing the assay sensitivity needs in bioanalysis are still emerging. Many new IPCR applications have been reported for biomarkers.
Case studies of the Imperacer® IPCR include: measuring biomarkers for neurodegenerative disorders in the periphery rather than brain tissue or cerebrospinal fluid (36); micro-sampling bioanalytics for metabolic biomarkers (9,37); and quantifying cytokines in the sub-picogram per milliliter concentration range (27, 32) . Sample testing for pharmacokinetic studies can typically be supported using less sensitive methods such as ELISA. However, measuring drug levels of certain drug candidates such as cytotoxic compounds (29, 38) or potent toxins (39, 40) that are administered at very low doses may require highly sensitive assays as well. Imperacer® sensitivity can also be employed to reduce matrix effects or avoid interference by endogenous compounds during drug quantification, e.g., to support replacement therapy trials (41) . In relation to immunogenicity testing for biologics, it was demonstrated that Imperacer® assays can be optimized to achieve high drug tolerance in ADA detection (42) . Similar to other LBA platforms, the pH-driven dissociation of ADA/drugcomplex may also be employed to further improve drug tolerance in Imperacer® methods (43) . However, acid dissociation may not be required when using the Imperacer® platform as high drug tolerance of 1:1,000 (ADA/drug) and even better was demonstrated with Imperacer® without any sample pre-treatment (44) . Highly sensitive IPCR assays can also be used to detect desired immune responses in vaccination programs. For example, Imperacer® was successfully used to support bioanalytical sample testing in a phase-I clinical trial of the virosome vaccine program for protection from mucosal transfected diseases like HIV (45, 46) . Imperacer® enabled the quantification of vaccine-specific as well as total IgA and IgG responses in mucosal and serum samples with 100-fold less abundant antibody concentrations in mucosal tissue compared with serum, as well as with limited availability of the mucosal sample.
DISCUSSION
Developing protein therapeutics for complex disease indications poses unique bioanalytical challenges and highlights the need for additional tools. In many cases, serum is used as a surrogate matrix for evaluating drug levels and biomarkers at the site of action and, therefore, the circulating analyte levels can be very low. In addition, the concentrations of many important biological biomarkers are frequently below the detection capability of ELISA, which has been the method of choice for quantification of protein analytes and is still the gold standard. However, the ability to quantify protein therapeutics as well as biomarker levels in clinical samples is extremely important for selecting doses, evaluating efficacy, as well as gaining a better understanding of the diagnosis and prognosis of many diseases (47) . Emerging technologies offering improved assay sensitivity by combining antibody-based molecular recognition with various amplification and detection techniques may aid in filling this gap.
Erenna®, Simoa™, and Imperacer® are three technology platforms in the immunoassay toolbox that promise improved assay sensitivity at sub-picogram to femtogram per milliliter levels, large dynamic range of ∼4 logs, with acceptable accuracy and precision. Each of these technologies utilizes a unique innovative approach to achieve high sensitivity and therefore has its benefits and constraints as summarized in Tables I and II . The decision to utilize one bioanalytical platform over another is multifaceted and will depend not only on the sensitivity requirements but also on platform accessibility, sample volume availability, ease of development, platform flexibility, and throughput needs. Another important consideration in selecting an appropriate technology is availability of off-the-shelf kits, custom kits by the vendor, as well as ability to develop home brew assays.
The ability to develop in-house or home brew assays are essential to users when considering a platform as it is much more convenient and economical and provides greater control over the assay, as well as utility of the technology. In many cases, the user is interested in evaluating a number of reagents and analytes, and it would be impractical to rely on a third party for reagent preparation and assay development. In addition, transferring reagents requires legal documents which can be time-consuming and could jeopardize project timelines.
The initial business model of Singulex required the vendor to carry out all reagent labeling and assay feasibility testing. One rationale for this decision was to ensure good quality reagents that would deliver the sensitivities that were claimed by the vendor. However, reagent labeling with biotin and Alexa fluorophore are well-established methods across industry and can be executed successfully by customers. Singulex has since changed its business practice by allowing customers to do their own reagent labeling and assay feasibility work. The latter has greatly enhanced the utility of Singulex platform. In the case of IPCR, DNA labeling of detection reagents can be performed using commercially available kits such as Antibody-Oligonucleotide All-in-One Conjugation Kit from Solulink™, though vendor-offered labeling services specializing in such labeling may be preferred to ensure optimal IPCR assay performance. The current business model of Imperacer® provider, Chimera Biotec, is to provide full bioanalytical clinical research organization (CRO) services, as well as to supply customers with labeled reagents and assay kits. Although antibody-DNA conjugation kits are not available through Chimera Biotec, home brew assay development is supported with the use of a generic anti-biotin-DNA or streptavidin-DNA conjugate and analyte specific kits. As for Simoa™, home brew assay development has not yet been instituted, although this platform is meant to be an open platform, and reagent labeling in this case (bead coupling and biotinylation) should be relatively straightforward.
In addition to sensitivity requirements, quantification of multiple low abundant analytes (such as biomarkers) often necessitates relatively large sample volumes, which may be hard to come by. Therefore, technologies requiring low sample volumes or technologies offering multiplexing capabilities would be desirable. Both Imperacer® and Simoa™ technologies are capable of using less sample volumes compared with ELISA. Imperacer® achieves its sensitivity through an amplification step enabling use of more diluted samples, which also tends to reduce matrix interference. Chimera Biotec has developed an extensive sample dilution buffer library to complement their IPCR technology. Erenna® technology generally requires larger volumes compared with Imperacer® and Simoa™ technologies to achieve the same sensitivity. While this technology does offer a platebased format requiring lower volumes with higher throughput, it is at the expense of lower assay sensitivity.
Throughput is another important factor to consider. Imperacer® and Erenna® technologies tend to have lower throughput compared with the Simoa™ technology. The Simoa platform is completely automated, so there is less hands-on work compared with either Imperacer® or Erenna® technologies, has quicker signal detection and data acquisition system, and is capable of multiplexing (up to 10-plex), which also further increases throughput. Simoa™ is the only one of the three platforms that takes advantage of miniaturization to improve sensitivity and throughput. The miniaturized nature of the array lends itself to small diffusion distance, as opposed to the large volumes in LBA microwell plates, and this, in turn, promotes single molecule resolution and faster data acquisition.
Another very important consideration is the assay reagents. In principle, the higher the affinity of an antibody to its target, the higher is the assay sensitivity that may be achieved. However, high-quality reagents are not always available. In general, bead-based technologies such as Erenna® and Simoa™ seem to be more forgiving in situations where the assay reagents are not optimal. This is due to the three-dimensional surface of the beads, which allows for greater ligand coating and subsequent analyte capture compared with the traditional two-dimensional surface such as microtiter plates.
Simoa™ technology is the newest of the three technologies, and therefore, there is limited published information on its applications. There is also currently limited bioanalytical CRO presence for this technology. Nevertheless, based on the current information, this technology holds substantial promise for broad application in the future. However, a more thorough comparison of its capabilities is needed once it is available and widely used.
One word of caution with all ultrasensitive platforms is that special care should be taken to avoid contamination of tubes, plates, or reservoirs with particulates such as liquid aerosols or dust components. Best laboratory practices include using filtered pipette tips and plate covers, and keeping tubes/plates sealed or covered whenever possible during experiment in order to avoid high background and incorrect quantification. There is also a need to ensure that the signal detected is a "true" measurement of an analyte. It is therefore essential to demonstrate specificity of the signal through competition or immunodepletion step and illustrate the ability to inhibit a specific signal.
CONCLUSIONS
This evaluation is a snapshot of how these technologies perform today. Technologies evolve at a fast rate, and in many instances, the changes/improvements are driven by user input. It is therefore critical to not only evaluate emerging technologies as they come into the market but also to reevaluate and re-assess the currently available technologies as they evolve and as new data become available.
The results from the "proof-of-concept" studies discussed here have demonstrated that the three technologies-SMC™, Simoa™, and Imperacer®, have the potential to significantly change the landscape of clinical macromolecule analytics. They provide the opportunity to enable the detection of diagnostic, prognostic, and diseaserelated biomarkers at earlier stage. This could provide a rare opportunity for early disease intervention and, in turn, the enhancement of patient lives.
However, an important consideration with new technology implementation during drug development is the business and regulatory risk of using platforms that are supported by a single vendor. The impact was very evident by the recent d i s c o n t i n u a t i o n o f t h e w i d e l y u s e d B i o Ve r i s electrochemiluminescent-based platform and its effect on ongoing clinical trials that were using this platform (48) . In order to minimize the risk from the impact of potential technology discontinuation, it would be imperative to have multiple platform alternatives with similar benefits as with the three technologies discussed in this evaluation.
